We report here the discovery of a new aromatic hydrocarbon superconductor, Sm-doped chrysene, with T c B 5 K, and compare its behavior with those measured in the full series of Sm-doped
Research activity in the field of superconductivity has moved in the last few years towards materials containing light elements in order to have cheap, lightweight and versatile superconductors with respect to the existing materials. In particular, carbon-based superconductors have attracted significant interest, which has been strongly revitalized by the discovery of a superconducting transition temperature, T c , of B18 K in K-doped picene, i.e. a hydrocarbon consisting of five fused benzene rings arranged in a zigzag manner. 1 Picene is the n = 5 member of the [n]phenacenes class of polycyclic aromatic hydrocarbons (PAHs). To date, only a few other hydrocarbon systems have shown a superconducting behavior: alkali-metal-doped phenanthrene, 2 with a T c of about 5 K, Sr 1.5 phenanthrene and Ba 1.5 phenanthrene with T c of 5.6 and 5.4 K, respectively, 3 K-doped coronene with T c around 7 K, 4 and K-doped 1,2:8,9-dibenzopentacene (T c ca. 30 K). 5 Finally, in 2012, superconductivity was induced by rare-earth doping in phenanthrene, with the T c approaching 6 K for La and Sm intercalated compounds. 6 Together with these few experimental reports, a rich literature on the theoretical study of different PAHs also appeared in recent times. [7] [8] [9] [10] Despite the absence of reliable experimental data to date, the theoretical models available suggest that electron-electron correlations play an important role in doped PAHs and that superconductivity in these systems cannot be explained by considering only the electron-phonon interactions.
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We have recently reviewed 12 the actual status of the research on polycyclic aromatic hydrocarbon superconductors pointing out the very uncommon situation where two research groups (i.e., those that discovered the different superconducting phenacenes) are the only research groups capable of producing such samples, in spite of the rather simple synthetic procedures, namely solid state reactions between the metal and the organic materials sealed under vacuum. In this communication we present a new PAH superconductor, Sm 1 chrysene, together with the first systematic investigation of Sm-doped [n]phenacenes (n = 3, 4, 5), corresponding to phenanthrene, chrysene and picene, thus confirming the presence of a superconducting fraction in Sm 1 phenanthrene and in a new doped picene system (Sm 1 picene).
The samples have been synthesized by means of solid state reactions between the Sm metal (NewMet, 99.9% -grinded to fine powder in a glove box) and the organic substrates. All manipulations were carried out in an argon-filled glove box. Phenanthrene and chrysene were purchased from Aldrich (498%) and purified by sublimation prior to use, and dried and grinded to fine powder, while picene was prepared according to a new synthetic route we recently developed. 16 The reactions were conducted in quartz tubes sealed under high vacuum (ca. 10 À5 Pa). The reaction temperature was 240 1C for phenanthrene, 330 1C for chrysene and 420 1C for picene. Samples were left in the furnace for about 96 h. After the reactions, all the samples became black and all the successive manipulations and measurements were carried out with the samples sealed under vacuum.
The possible presence of a superconducting state in the Sm-doped phenacenes studied here has been investigated by means of SQUID magnetization measurements in magnetic fields of a few Oersteds, both in zero-field cool (ZFC) and field-cool (FC) protocols. Fig. 1 , in spite of the same reliable preparation route, suggesting that the shielding fractions are relatively small. It should be stressed that, for all the PAH superconductors reported to date, it has been observed that the shielding fractions are very low with suggested bulk superconductivity coming from the increase of these shielding fractions upon pressing the powdered samples.
1,2 It has been discussed and proposed that these small shielding fractions in powder samples could arise from the penetration of the magnetic field into the superconducting phase because of the smaller size of crystallites than the London penetration depth. 2 The few cases where very high shielding fractions were observed have been the object of paper retraction (see ref. 13 and 14) or subject to some criticism due to the presence of the spurious metallic La phase, which is known to be a superconductor with a T c of about 6 K. In this work, the choice of using Sm has been motivated by the fact that Sm is not superconducting and, accordingly, one can avoid a misleading interpretation of the results. However, since La is often present as an impurity in other rare-earths, we checked by SQUID magnetometry measurements that the starting Sm rod used to synthesize the Sm-doped phenacene did not show any trace of superconductivity (Fig. S1, ESI †) . The next series of Sm-phenacenes investigated was Sm 1 chrysene. Chrysene is the n = 4 member of the phenacene family and in the current literature there are no reports regarding doped chrysene. Fig. 2 shows a representative susceptibility curve for Sm 1 chrysene at 6 Oe.
It is possible to observe a clear superconducting transition with a T c around 5.4 K yielding a diamagnetic signal at low temperature, with a shielding fraction approaching 1%, in agreement with the data on doped picene and phenanthrene.
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Finally, we prepared and measured Sm 1 picene. Fig. 3 shows the FC/ZFC measurement performed on Sm 1 picene at 6 Oe.
The Sm 1 picene has a sharp superconducting transition at around 4 K with a magnetic susceptibility at 2 K of about À0.05 Â 10 À4 emu g À1 which is not very far from the value of À0.2 Â 10 À4 emu g À1 found for the 7 K superconducting phase of K 3 picene.
1
We carried out XRD measurements on the new organic superconductor synthesized, i.e. Sm 1 chrysene, by sealing the sample under vacuum within a capillary. The result of the XRD investigation (Cu-radiation) is presented in Fig. 4 . The XRD pattern of the doped sample corresponds quite nicely with that Fig. 1 (a) and (b) FC/ZFC for two different Sm 1 phenanthrene samples at 6 Oe; (c) the ZFC curve for a third Sm 1 phenanthrene sample at 6 Oe; the curve in the bottom part of (c) refers to the same sample whose curve is shown in the top part, which underwent a compression step. Such impurities could not be completely removed by additional thermal treatments. Moreover, prolonged and further thermal treatments lead to sample decomposition. It should be stressed, however, that the diffraction analysis of these new organic superconductors is not simple because of the common formation of impurities and/or amorphous phases, as also reported, for example, for K 3 picene. 1 Still, one can conclude that our structural results show an expansion of the Sm-doped chrysene which is compatible with metal doping within the organic substrate unit cell, in contrast with K 3 picene where the doped samples show a contraction of the pristine organic material unit cell, 1 but in agreement with the structural data on rare-earth-doped phenanthrene. 4 One can further notice that our structural results show a trend analogous to the one observed in the corresponding acene materials (i.e., pentancene is a 5-ring member of the acene family while picene is the 5-ring member of the phenacene family), as well as with the theoretical calculations. 15, 16 Finally, the amount of spurious phases was very low and in some cases (as in Sm 1 phenanthrene) no impurities were detected, suggesting that nominal and experimental stoichiometries could be close, even though a strict control on the experimental stoichiometries cannot be provided at this stage. To summarize, in this work we prepared Sm-doped [n]phenacenes (n = 3, 4, 5) with Sm which was selected because it can provide the requested electron doping with a low metal doping, thus -in principle -making the sample preparation easier. In addition, Sm is not superconducting thus avoiding a misinterpretation of the susceptibility measurements. The investigation of the Sm-doped [n]phenacene family with n = 3, 4, 5 indicated that superconductivity is actually found in all the samples. In this work we reported, for the first time, the evidence of a superconducting transition in doped chrysene (i.e., the n = 4 member of the phenacene family) as well as the first preparation of Sm-doped picene. In addition, the data on Sm 1 phenatrene are the first confirmation, together with the data reported by the research group that discovered superconductivity in this phase, that a superconducting transition is actually present in doped phenanthrene. Furthermore, our systematic study suggests that the critical temperatures observed for the series investigated here are very close to each other and around 4.5-5.5 K, with a slight decrease of T c from 5.5 to 4.0 K passing from phenanthrene to picene. A T c of 5 K for Sm 1 phenanthrene is in agreement with the data previously reported in the literature. 6 For the other two samples, i.e. Sm 1 chrysene and Sm 1 picene, there are no literature data to be used for comparison. However, if one should only take into account the pure effect of electron doping, a higher T c should be expected for Sm 1 picene on the basis of the results reported for K 3 picene. 1 Clearly, other effects play a role as a function of the intercalating metal and thus a simple comparison with other data is not straightforward. Due to the same synthesis protocol and the most possible reproducible approach in the preparation of the samples reported here, the substantial invariance of the T c by changing the number of aromatic rings seems to be solid within the framework of the present work. Such new results reported in this work open important questions regarding the mechanism of superconductivity in PAHs. Electron-phonon models predict a reduction of T c with the increasing number of carbon atoms, as a consequence of the decrease of the electron-phonon interaction by increasing the number of carbon atoms in phenanthrene edgetype hydrocarbons 17 while the models considering the electron correlation as the basis of the effective attraction between added electrons, predict a progressive increase of T c . 11 It is clear that making available, in this work, the first set of experimental data as a function of carbon atoms, will represent a very important playground for further modelling of the superconductivity mechanism in PAHs. To conclude, in the present work we reported the evidence of superconductivity in Sm-doped [n]phenacenes (n = 3, 4, 5) with T c 's around 4.5-5.5 K with small differences by changing the number of carbon atoms. Shielding fractions are small but consistent with those reported for other doped PAH systems.
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The observation of very close T c 's as a function of the number of benzene rings, and for [n]phenacenes with an even and odd n-value for the same level of electron doping, raises new questions that open the way for further and new theoretical investigations on the electron pairing mechanism in PAHs.
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